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(54) Abstract Title: Mono - diameter wellbore casing 

(57) A tubular structure positioned in a borehole within . 
a subterranean formation comprises a first tubular 
member 115, and a second tubular member 210 
coupled to and overlapping with the first member 
115, the second tubular member being coupled to 
the first by the process of installing the second 
tubular member 210, an expansion cone 205, and a 
shoe 215 that defines an interior region for 
containing fluidic materials in the borehole, radially 
expanding at least a portion of the shoe 215 by 
injecting a fluidic material into the shoe, and 
radially expanding at least a portion of the second 
tubular member 210 by injecting a fluidic material 
into the borehole below the expansion cone. The 
expanded tubular member has the same inner 
diameter as the non-overlapping portion of first 
(pre-existing) tube 115 after expansion. The 
procedure may be repeated with further tubes 210. 
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_JwlONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application is a continuation-in-part of U.S. utility application serial number 
09/454,139, attorney docket nunnt)er 25791.3.02, filed on 12/3/1999. which claimed the 

5 benefit of the filing date of U.S. provisional patent application serial number 

60/111,293, attorney docket nunnber 25791.3, filed on 12/7/1998, the disclosures of 
which are incorporated herein by reference. 

This application is related to the following: (1) U.S. patent applicatton serial no. 
09/454,139, attorney docket no. 25791.03.02. filed on 12/3/1999, (2) U.S. patent 

10 application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02. filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791 .1 1 .02, filed on 3/10/2000, (6) U.S. patent applicatton serial 

15 no. 09/512.895. attorney docket no. 25791 .12.02. filed on 2/24/2000. (7) U.S. patent 
application serial no. 09^1 1 ,941 , attorney docket no. 25791 .16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946, attorney docket no. 25791 .17.02, filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559,122. attorney docket no. 
25791.23.02. filed on 4/26/2000, (10) PCT patent application serial no. 

20 PCT/USOO/18635. attonney docket no. 25791.25.02. filed on 7/9/2000, (1 1) U.S. 

provisional patent application serial no. 60/1 62,671 , attorney docket no. 25791 .27, filed 
on 11/1/1999, (12) U.S. provisional patent applicatk>n serial no. 60/154,047, attorney 
docket no. 25791 .29, filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159.082, attorney docket no. 25791.34. filed on 10/12/1999, (14) U.S. 

25 provisional patent applicatton serial no. 60/159,039. attonrtey docket no. 25791 .36, filed 
on 10/12/1999, (15) U.S. provisk>nal patent application serial no, 60/159,033, attorney 
docket no. 25791.37. filed on 10/12/1999, (16) U.S. provisional patent application serial 
no. 60/212.359, attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. provisional 
patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

30 1 1/12/1999. (18) U.S. provisional patent applicatton serial no. 60/221 ,443, attomey 
docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent application serial 
no. 60/221.645. attomey docket no. 25791.46, filed on 7/28/2000. (20) U.S. provistonal 
patent application serial no. 60/233,638, attorney docket no. 25791 .47, filed on 
9/18/2(XX), (21) U.S. provisional patent applicatton serial no. 60/237,334, attomey 

35 docket no. 25791 .48. filed on 10/2/2000, and (22) U.S. provistonal patent application 
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serial rvo. 60/262,434, attoroey docket no. 25791.51, filed on 1/17/2001, the disclosures 
of which are incorporated herein by reference. 

Background of the Invention 
This inventton relates generally to wellbore casings, and In particular to wellbore 
5 casings that are formed using expandable tubing. 

Conventionaily, when a wellbore Is created, a number of casings are installed in 
the borehole to prevent collapse of the bon^hole wall and to prevent undesirsd outflow 
of drilling fluid into the fonmation or inflow of fluid from the fbmnation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a tower 

10 borehole intenml Is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the tower intoNal is of 
smaller diameter than the casing of the upper inten^l. Thus, the casings are in a 
nested anangement with casing diameters decreasing in downward directton. Cement 
annuli are provided between the outer surfeces of the casings and the borehole wall to 

1 5 seal the casings from the borehole wall As a consequence of this nested anrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and Increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required content pumping, 

20 cement hardening, required equipment changes due to large variattons in hole 

diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present inventbn is directed to overcoming one or more of the limitations of 
the existing procedures for forming new secttons of casing In a wellbore. 
25 Summary of the Invention 

According to one aspect of the present invention, an apparatus lor forming a 
wellborB casing In a borehole kx»ted in a subtenanean formation including a 
preexisting wellbore casing is provided that includes a support member Including a first 
fluid passage, an expansion cone ccHjpled to the support member including a second 
30 fluM passage fluididy coupled to the first fluid passage, an expandable tubular liner 
mov^V coupled to the expansion cone, and an expandable shoe coupled to the 
expandable tubular liner. 

According to another aspect of the present Invention* a shoe Is provided that 
includes an upper annular portion, an intermediate annular portion, and a tower annular 
35 portton. The intermediate annular portion has an outer drcumference that is larger 
than the outer drcumferences of the upper and lower annular portions. 
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According to another aspect of the present invention, a method of forming a 
welibore casing in a subtenranean formation having a preexteting wellbore casing 
positioned In a borehole is provided that includes installing a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
5 injecting a fluldic mateHal into the shoe, and radially expanding at least a portion of the 
tubular liner by Injec^ng a fluidic material into the borehole below the expansion cone. 

According to another aspect of the present invention, an apparatus for fwmlng 
a wellbore casing in a subterranean fonmation having a preexisting wellbora casing 
positioned in a borehole is provided that includes means for instaliir^ a tubular liner, an 
10 expansion cone, and a shoe in the borehole, nrteans for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a pcHtion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for formirig 
a wellbore casing within a subterranean formation including a preexisting wellbore 

1 5 casing positioned in a borehole Is provided that includes a tubular liner, and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting wellbore casing. The inside diameter of the radially expanded tubular liner 
is substentially equal to the inside diameter of a non-overlapping portion of the 
preexisting wellbore casing. 

20 According to another aspect of the present invention, a wellbore casing 

positioned in a borehole within a subten^nean formation provided that includes a first 
wellbore casing, and a second wellbore casing coupled to and overlapping with the first 
wellbore casing. The second wellbore casing is coupled to the first wellbore casing by 
the process of: instejling the second wellbore casing, an expansion cone, and a shoe in 

25 the borehole, radially expanding at least a portion of the shoe by injecting a fluldic 

material into the shoe, and radially expanding at leset a portion of Ihe second wellbore 
casing by injecting a fluidic material Into the borehole below the expanston cone. 

According to another aspect of the present invention, a method of forming a 
tubular structure in a subtenranean formation having a preexisting tubular member 

30 posittoned in a borehole is provided that includes Instelling a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
injecting a fluidic material Into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fluidic material into the borehole below the expansion cone. 
According to arxither aspect of the present invention, an apparatus for forming 

35 a tubular structure in a subterranean fonmation having a preexisting tubular member 
posittoned in a borehole is provided that includes means for instelling a tubular liner, an 
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expansion cone, and a shoe in the borehole, weans for radially expanding at least a 
portion of the shoe, arKl means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present Invention, an apparatus for forming 
5 a tubular stmcturev^thin a subterranean fonfnation including a preexisting tubular 
member positioned In a borehole is provided that includes a tubular liner and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting tubular member. The inside dianrater of the radially expanded tubular liner 
is substantially equal to the Inside diameter of a non-overlapping portion of the 
10 preexisting tubular member. 

According to another aspect of the present invention, a tubular structure 
positioned in a borehole within a subterranean formation is provided that includes a first 
tubular member and a second tubular member coupled to and overlapping wKh the first 
tubular niember. The second tubular member Is coupled to the first tubular member by 
15 the process of: installing the second tubular member, an expansion cone, and a shoe 
in the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 
material into the shoe, and radially expandir^ at least a portion of the second tubular 
member by Injecting a fluidic material into the tx>rehole below the expar^ion cone. 

Brief Description of the Drawings 
20 FIG. 1 is a fragmentary cross-secttonal view illustrating the drilling of a new 

section of a well borehole. 

FIQ. 2 Is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a mono-diameter weilbore casing within the 
new section of the well borehole of FIG. 1 . 
25 FIG. 2a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 2. 

FIG. 2b is a ooss-sectional view of another portion of the stoe of the apparatus 
of FIG. 2. 

FIG. 2c is a cross-sectional view of another portion of the shoe of the apparatus 
30 of FIG. 2. 

FIG. 2d is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2e is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 2a 
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FIG. 3 Is a fragmentary cross-sectional view illustrating the injection of a 
hardenable fluldic sealing nnaterial through the apparatus and Into the new section of 
the well borehole of FIG. 2. 

FIG. 3a is a cross-s^onal view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FfG. 4 is a fragmentary cross-sectional view illustrating the Injection of a fluldic 
material into the apparatus of FIG. 3 in order to fluididy isolate the interior of the shoe. 
10 FIG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG. 5 is a cross-secttonal view illustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view illustrating the expar^on of the expandable 
expansion cone of the apparatus of FIG. 6. 
20 FIG. 8 is a cross-sectional view illustratir^ the injection of fluidic material into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a cross-sectional view illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 8. 

FIG. 10 is a cross-sectional view illustrating the removal of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

FIG. 1 1 is a cross-sectional view illustrating the formation of a nrnsno-diameter 
wellbore casing that includes a plurality of overlapping monoKliameter welibore 
casings. 

FIG. 12 is a fragmentary cross-sectional view illustrating the placement of an 
30 alternative embodiment of an apparatus for creating a mono-diameter wellbore casing 
within the wellbore of FIG. 1 . 

FIG. 12aisacross-sectionai view of a portion of the shoe of the apparatus of 
FIG, 12. 

FIG. 12b is a cross-sectional view of a portion of the shoe of the apparatus of 
35 FIG. 12. 
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FIG. 1 2c is a cross-sectional view of another portion of the shoe of the 
apparatus of FIG. 12. 

FIG. 12d is a cross-secOonal view of another portion of the shoe of the 
apparatus of FIG. 12. 
5 FIG. 1 3 is a fragmentary cross-sectional view Illustrating the injection of a 

hardenable fluidic sealing material through the apparatus and into the new section of 
the well borehole of FIG. 12. 

FIG. 1 3a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. 

1 0 FIG. 1 4 is a fragmentary cross-sectional view illustrating the injection of a flukJic 

material into the apparatus of FIG. 13 in order to fluidiciy isolate the interior of the shoe. 

FIG. 14a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 14. 

FIG. 15 Is a cross-sectional view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

FIG. 16 is a cross-secUonal view illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 15. 

FIG. 17 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 16. 
20 FIG. 1 8 Is a cross-sectional view illustrating the injection of fluidic material Into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 19 Is a cross-sectional view illustrating the completion of ttie radial 
expansion of the expandable tubular member of ttie apparatus of FIG. 18. 

FIG. 20 is a cross-sectional view Illustrating ttie removal of ttie bottom portion of 
25 ttie radially expanded shoe of ttie apparatus of FIG. 19. 

Detailed Description of ttie lllusttative Embodiments 
Referring initially to FIGS. 1. 2. 2a, 2b, 2c 2d, 2e. 3, 3a, 3b, 4, 4a, 4b. and 5- 
10, an embodiment of an apparatus and mettiod for fwming a mono^iameter wellbore 
casing wittiin a subtenranean fonnation will now be described. As Illustrated in Rg. 1 , a 
30 wellbore 100 is positioned in a subten^nean fomnation 105. The wellbore 100 includes 
a pre-existing cased section 1 10 having a tubular casing 1 1 5 and an annular outer 
layer 120 of a fluidic sealing material such as. for example, cement. The wellbore 100 
may be positioned in any orientation from vertical to horizontal. In several alternative 
embodiments, the pre-existing cased section 110 does not Include the annular outer 
35 layer 120. 
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In order to extend ttw wellbore 100 into the subterranean formation 105. a drill 
string 125 is used in a well known manner to drill out material from the subterranean 
fbmration 105 to fbnn a new wellbore section 130. In a preferred embodiment, the 
inside diameter of the new wellbore section 1 30 is greater than the inside diameter of 
5 the preexisting wellbore leasing 1 1 5. 

As illustrated in FIGS. 2. 2a. 2b, 2c 2d. and 2e. an apparatus 200 for forming a 
wellbore casing In a subterranean formation Is then positioned In the new section 130 
of the wellbore 100. The apparatus 200 preferably includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 21 0 that includes a lower 
10 portion 210a. an intHnnediate portion 210b. an upper portion 210c. and an upper end 
portion 210d. 

The expansion cone 205 may be any number of conventional commercially 
available expansion cones. In several alternative embodiments, the expansion cone 
205 nwy be controllably expandable in the radial direction, for example, as disclosed in 

15 U.S. patent nos. 5,348,095, and/or 6,01 2.523, the disclosures of wrfiich are 
incorporated herein by reference. 

The tubular member 210 may be fabricated from any number of conventional 
commercially available materials such as, for example. Oilfield Country Tubular Goods 
(OCTG), 13 chromium steel tubing/casing, or plastic tubing/casing. In a preferred 

20 embodiment, the tubular member 210 is fabricated from OCTG in order to maximize 
strength after expansion. In several alternative embodiments, the tubular nrwmber 210 
may be solid and/or slotted. For typical tubular member 21 0 materials, the length of 
the tubular member 210 is preferably limited to between about 40 to 20,000 feet in 
tongth. 

25 The lower portion 210a of the tubular member 21 0 preferably has a larger 

inside diameter than the upper portion 210c of the tubular member: In a prefened 
embodiment, the wall thidaiess of the intennedlate portion 21 Ob of the tubular member 
201 Is less than the wail thidiness of the upper portion 21 Oc of the tubular member in 
order to fadlitete the initiation of the radial expansion process. In a prefened 

30 embodiment, the upper end portion 210d of the tubular member 210 Is slotted, 

perforated, or otherwise nradffied to catch or slow down ttie expansion cone 205 when 
it completes the extnjsion of tubular member 210. in a preferred embodiment, wall 
thidaiess of the upper end portion 210d of the tubular member 210 is gradually tepered 
in order to gradually reduce the required radial expansion forces during the latter 

35 stages of the radial expansion process. In this manner, shock loading conditions 
during the latter stages of the radial expanston process are at least minimized. 



A shoe 215 is coupled to the lower portion 210a of the tubular member. The 
shoe 215 includes an upper portion. 215a, an Intenmediate portion 215b, and lower 
portion 215c having a vatveable fluid passage 220 that Is preferably adapted to receive 
a plug, dart, or ottier similar element for controilably sealing the fluid passage 220. In 
5 this manner, the fluid passage 220 may be optimally sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 220. 

The upper and lower portions. 215a and 215c. of the shoe 215 are preferably 
sut>$tantially tubular, and the intennediate portion 215b of the shoe Is preferably at 
least partially folded inwardly. Furthemiore, in a preferred embodiment, when the 

10 intermediate portion 215b of the shoe 215 is unfolded by the application of fluid 

pressure to the interior region 230 of the shoe, the inside and outside diameters of the 
intennediate portion are preferably both greater than the inside and outside diameters 
of the upper and lower portions, 215a and 215a In this manner, the outer 
circumference of the intennediate portion 21 5t> of the shoe 215 is preferably greater 

15 than the outside drcumferences of the upper and lower portions, 215a and 215b. of the 
shoe. 

In a prefemed embodiment, the shoe 21 5 further includes one or more through 
and side outlet ports in fluidic communication with the fluid passage 220. In this 
manner, the shoe 215 optimally injects hardenable fluidic sealing material into the 

20 region outside the stoe 215 and tubular member 210. 

In an alternative embodintent, the flow passage 220 is omitted. 
A support n)emt>er 225 having fluid passages 225a and 225b is coupted to the 
expansion cone 205 for supporting the apparatus 200. The fluid passage 225a is 
preferably fluidldy coupled to the fluid passage 205a. In this manner, fluidic materials 

25 may be conveyed to and from the region 230 below the expansion cone 205 and above 
the bottom of the shoe 215. The fluid passage 225b is preferably fluididy coupled to 
the fluid passage 225a and includes a conventional control valve. In thte nnanner, 
during placement of the apparatus 200 within the wellbore 100, surge pressures can be 
relieved by the fluid passage 225b. In a prefened embodiment, the support member 

30 225 further includes one or more conventional centraiizers (not illustrated) to help 
stebilize the apparatus 200. 

During placement of the apparatus 200 within the wellbore 100. the fluid 
passage 225a is preferably selected to transport materials such as, for example, drilling 
mud or formation fluids at flow rates and pressures ranging from about 0 to 3.000 

35 gallons/minute and 0 to g.OOO psi in order to minimize drag on the tubular member 
being run and to minimize surge pressures exerted on the wellbore 130 which could 
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cause a loss of wellbore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the wellbore 100, the fluid passage 225b is preferably selected to 
convey fluidic materials at flow rates and pressures ranging frwn about 0 to 3,000 
gallons/minute and 0 to 9,000 p$i in order to reduce the drag on the apparatus 200 
5 during insertton into the new section 130 of the wellbore 100 and to minimize surge 
pressures on the new wellbore section 1 30. 

A cup seal 235 is coupled to and supported by the support member 225, The 
cup seal 235 prevents foreign materials from entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 niay be any 

10 number of conventfonal commercially available cup seals such as, for example, TP 
cups, or Selective Injection Packer (SIP) cups modified in accordance with the 
teachings of the present disclosure, in a preferred embodiment, the cup seal 235 is a 
SIP cup seal, available from Halliburton Energy Services in Dallas, TX in order to 
optimally blodc foreign material and contain a body of lubricant In several aKemative 

1 5 embodiments, the cup seat 235 may include a plurality of cup seals. 

One or more sealing mernbers 240 are preferably coupled to and supported by 
the exterior surface of the upper end portton 210d of the tubular member 210. The 
sealing members 240 preferably provide an overtapping joint between the lower end 
portton 1 15a of the casing 1 1 5 and the upper end portton 21 Od of the tubular nrrember 

20 210. The sealing nDembers 240 may be any number of c^ivantiorial oonrvnerdally 
available seals such as, for example, lead, rubber, Tefloiyor epoxy seals nrxxiified in 
accordance with the teachings of the present disclosure. In a preferred emtxxiiment, 
the sealing membere 240 are wo\6e6 from Strataiock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a load bearing interference 

25 fit between the upper end portion 21 Od of the tubular member 21 0 and the lower end 
portion 1 1 5a of the existing casing 115. 

In a prefenred embodiment, the sealing members 240 are selected to optimally 
provide a sufficient fridional force to support the expanded tubular member 210 from 
the existing casing 115. In a preferred embodiment, the frictional force optimally 

30 provided by the sealing members 240 ranges from about 1 ,000 to 1 ,000,000 Ibf in 
order to optimally support ttie expanded tobular member 21 0. 

in an alternative embodiment, tt)e sealing members 240 are omitted from tiie 
upper end portion 210d of tiie tubular nnember 210, and a load bearing metel-to-metel 
interference fit is provided between upper end portion of the tubular member and the 

35 lower end portion 11 5a of ttie existing casing 1 15 by plastically defomning and radially 
expanding tiie tubular nnember into contact with the existing casing. 
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In a preferred embodiment, a quantity of lubricant 245 is provided in the annular 
region above the expansion cone 205 within the interior of the tubular member 210. In 
this manner, the extneion of the tubular memtjer 21 0 off of the expansion cone 205 is 
facilitated. The lubricant 245 may be any numl>er of conventional commercially 
5 available lubricants such as, for example, Lubripbte/Silorine based lubricants, oil 
based lubricants or Climax 1500 Antlsieze (31 00), In a preferred eml)odiment, the 
lubricant 245 is Climax 1500 Antisieze (3100) available from Climax Lubricants and 
Equipment Co. In Houston, TX in order to optimally provide optimum lubrication to 
facilitate the expansion process. 
10 Iri a preferred embodiment, the support member 225 Is thoroughly cleaned prior 

to assembly to the remaining portions of the apparatus 200. In this manner, the 
introduction of foreign material into the apparatus 200 is minimized. This minimizes the 
possibility of foreign material clogging the various flow passages and valves of the 
apparatus 200. 

15 In a prefened embodiment, before or after positioning the apparatus 200 within 

the new section 130 of the welibore 100, a couple of weiibore volumes are circulated in 
order to ensure that no foreign materials are located within the welibore 1 00 that might 
dog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material interferes with the expansion process. 

20 As illustrated in FIGS. 2 and 2e, in a preferred embodiment, during placement 

of the apparatus 200 wittiin the welibore 100, fluldic materials 250 within the welibore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
passages 220, 205a, 225a. and 225b. In tills nrianner, surge pressures created by \he 
placement of the apparatus witiiin the welibore 1 00 are reduced. 

25 As illustrated In FIGS. 3, 3a, and 3b, the fluid passage 225b Is Uien closed and 

a hardenabte fluldic sealing material 255 is then pumped from a surface location Into 
the fluid passages 225a and 205a. The nfiaterial 255 then passes from the fluid 
passage 205a into the interior region 230 of the shoe 215 below the expansion com 
205. The material 255 tiien passes from ttie interior region 230 into the fluid passage 

30 220. The material 255 then exits the apparatus 200 and flils an annular region 260 
between the exterior of ttw tubular member 21 0 and ttie interior wall of the new section 
130 of the welibore 100. Continued pumping of ttie material 255 causes the material to 
fill up at least a portion of ti>e annular region 260. 

The material 255 is preferably pumped Into the annular region 260 at pressures 

35 and flow rates ranging, for exampto, from about 0 to 5000 psi and 0 to 1,500 

gallons/min, respectively. The optimum flow rate and operating pressures vary as a 
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function of the casing and welibore sizes. wellt)ore section length, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detennined using conventional empirical 
methods. 

5 The hardenable fluidic sealing material 255 may be any number of conventional 

commercially available hardenable fluidic sealing materials such as, for example, slag 
mix. cenwnt. latex or epoxy. In a preferred embodiment, the hartlenable fluidic sealing 
material 255 Is a bl9nded cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Services in Dallas. TX in order to provide optimal 

10 support for tubular member 210 w^hile also maintaining optimum flow characteristics so 
as to minimize difficulties during the displacement of cement in the annular region 260. 
The optimum blend of the blended cement is preferably detemilned using conventtonai 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

15 The annular region 260 preferably is filled with the material 255 in sufficient 

quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 260 of the new section 1 30 of the welibore 100 will be filled wdth the material 
255. 

In an altemative embodiment, the injection of the material 255 into the annular 
20 region 260 is omitted, or is provided after the radial expansion of the tubular member 
210. 

As illustrated In FIGS. 4. 4a. and 4b, once the annular region 260 has been 
adequately filled virtth the material 255, a plug 265. or other similar device, is introduced 
Into the fluid passage 220. thereby fluididy isolating the interior region 230 from the 

25 annular regton 260. In a preferred embodiment, a non^wrdenable fluidic material 270 
is then pumped Into the Interior region 230 causing the Interior region to pressurize. In 
this nwnner, the Interior regton 230 of the expanded tubular member 210 wfli not 
contain significant amounts of the cured material 255. This also reduces and simplifies 
the cost of the enUre process. Alternatively, the material 255 may be used during this 

30 phase of the process. 

As illustrated In FIG. 5, in a preferred embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 230 and unfolds the intennediate portion 
21 5b of the shoe 215. In a preferred embodiment, the outside diameter of the unfolded 
intennedlata portion 21 5b of the shoe 215 is greater than the outside diameter of the 

35 upper and lower portions, 215a and 215b, of the shoe. In a preferred embodiment, the 
inside and outside diameters of the unfolded intermediate portfon 215b of the shoe 215 
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are greater than the inside and outside diameters, respectively, of the upper and lower 
porttons. 215a and 215b, of the shoe. In a preferred emlxxllment. the inside diameter 
of the unfolded intermediate portion 215b of the shoe 215 is substantially equal to or 
greater than the inside diameter of the preexisting casing 1 1 5 in order to optimally 
5 fedlrtate the fonmation of a nmno-diameter wellbore casing. 

As illustrated in FIG. 6, in a prefened embodiment, tt^e expansion cone 205 is 
then lowered Into ttie unfolded intermediate portion 215b of ttie shoe 215. In a 
preferred enribodiment, ttie expansion cone 205 is towered into the unfolded 
intermediate portion 21 5b of Vt\s shoe 215 until ti)e bottom of ttie expansion cone is 

10 proximate the lower portion 215c of ti^e shoe 215. In a prefened embodiment, during 
ttte lowering of ttie expansion cone 205 into the unfolded intennediate portion 215b of 
the shoe 21 5. ttie material 255 wittiin ttie annular region 260 and/or ttie bottom of ttie 
wellbore section 130 nnaintains ttie shoe 215 In a substantially stationary position. 
As Illustrated In FIG, 7. in a preferred embodiment, ttie outside diameter of the 

15 expansion cone 205 is then increased. In a preferred embodiment, the outside 
diameter of ttie expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348,095, and/or 6,012,523. ttie disclosures of which are incorporate herein by 
reference. In a preferred embodiment, the outside diameter of ttie radially expanded 
expansion cone 205 is substantially equal to the inside diameter of the preexisting 

20 weiibore casing 115. 

In an alternative embodiment, the expansion cone 205 is not lowered into ttie 
radially expanded portion of ttie shoe 215 prior to being radially expanded. In ttiis 
manner, the upper portion 210c of ttie shoe 210 may be radially expanded by ttie radial 
expansion of the expansion cone 205. 

25 In anottier attemative embodiment, the expansion cone 205 Is not radially 

expanded. 

As illustrated in FIG. 8, in a jXBferred embodiment, a fluidic material 275 is ttien 
injected into ttie region 230 ttirough ttie fluid passages 225a and 205a. In a preferred 
embodiment, once the interior region 230 becomes sufficient^ pressurized, the upper 

30 portion 215a of the shoe 215 and the tubular member 210 are preferably plastically 
deformed, radially expanded, and extruded off of ttie expansion cone 205. 
Furihennore, in a preferred enribodiment, during the end of ttie radial expansion 
prcx:ess, ttie upper portion 210d of ttie tubular member and ttie lower portion of ttie 
preexisting casing 115 that overiap with one anottier are simultaneously plastically 

35 deformed and radially expanded. In this manner, a mono-diameter wellbore casing 
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may be formed that includes the preexisting wellbore casing 1 1 5 and the radially 
expanded tubular member 21 0. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 
5 extrusion process, the expansion cone 205 is raised at approximately the same rate as 
the tubular nrtember 210 is expanded in order to keep the tubular member 210 
stationary relative to the new wellbore section 1 30. In this manner, an overiapping Jolrit 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optimally fbnned. In an attematlve preferred 

1 0 embodiment, the expansion cone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and into the new wellbore section 1 30 under the force of gravity 
and the operating pressure of the interior rejgion 230. 

In a preferred embodiment, when the upper end portion 210d of the tubular 

15 member 210 and the lower portion of the preexisting casing 115 that overiap with one 
another are plastically deformed and radially expanded by the expansion cone 205. the 
expansion cone 205 is displaced out of the wellbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

20 The overiapping joint between the lower portion of the preexIstirYg casing 115 

and the radially expanded tubuiar member 210 preferably provides a gaseous and 
fluldtc seal, in a particularty prefened embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal in the overiapping joint. In an alterriative 
embodinmnt, the sealing memt>ers 245 are omitted. 

25 In a prefennedenribodlnient, the operating pr^urearKl flow rate of ^ fluidic 

material 275 is controilably ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extmslon of the tubular member 21 0 off of the 
expansion cone 205 can be mininruzed. In a prefmed embodiment, the operating . 

30 pressure is reduced in a substantially linear fashion from 100% to about 10% during 
the end of the extmslon process beginning when the expansion cone 205 is within 
about 5 feet from completion of the extrusion process. 

Attematively, or in combination, the wall thidcness of the upper end portion 
21 Od of the tubular menriber is tapered in order to gradually reduce the required 

35 operating pressure for plastically deforming and radially expanding the upper end 
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portion of the tubular member. In this manrrer, shock loading of the apparatus is at 
least reduced. 

Altemaflvely, or irr combination, a shock absorber Is provided in the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 
5 The shock absort>er may comprise, for example, any conventional commerdally 
available shock absorber, bumper sub, or jars adapted for use In wellbore operations. 

AKematively, or in combination, an expansbn cone catching structure is 
provided in the upper end portton 210d of the tubular member 210 in order to catch or 
at least decelerate the expanston cone 205. 
10 In a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 

burst, and friction effecte upon the tubular member 21 0 during the expansfon process. 
These effects will be depend upon the geometry of the expansion cone 205, the 
material composition of the tubular member 21 0 and expansion cone 205, the inner 
diameter of the tubular member 21 0, the wall thickness of the tubular member 210. the 
15 type of lubricant, and the yield strength of the tubular member 21 0. In general, the 
thicker the wall thickness, the smaiter the inner diameter, and the greater the yield 
strength of the tubular member 210, then the greater the operatinjg pressures required 
to extmde the tubular member 21 0 off of the expansion cone 205. 

For typical tubular members 210, the extruston of the tubular member 210 off of 
20 the expansion cone 205 w\\ begin when the pressure of the interior regton 230 
reaches, for example, approximateiy 500 to 9,000 psi. 

During the extrusion process, the expansbn cone 205 may be rateed out of the 
expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 5 ft/sec. In a preferred embodiment, during the extruston process, the expansion 
25 cone 205 is raised out of the expanded portion of the tubular member 21 0 at rates 
ranging from about 0 to 2 ft/see in order to minimize the time required for the expansion 
process viitiile also permitting easy control of the expansion process. 

As illustrated In FIG. 9, once the extruston process is completed, the expanston 
cone 205 is removed from the wellbore 100. In a prefened embodiment, either before 
30 or after the renrK>val of the expanston cone 205, the Integrity of the flukilc seal of the 
overiapping joint between the upper end portton 210d of the tubular member 210 and 
the kiwer end portion 1 15a of the preexisting wellbore casing 1 15 is tested using 
oonventtonal methods. 

In a preferred embodiment, if the fiuklic seal of ttie overiapping joint between 
35 the upper end portton 210d of the tubular mernber 210 and the lower end portion 115a 
of the casing 1 1 5 is satisfactory, then any uncured portion of the material 255 within the 
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expanded tubular member 210 is then removed in a conventional manner such as, for 
example, circulating the uncured material out of the Interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the wellborB section 130 
and a drill bit or mill Is used in combination virith a conventional drilling assembly to drill 
out any hardened material 255 within the tubular member 210. In a preferred 
embodiment, the material 255 within the annular region 260 is then allowed to fully 
cure. 

As illustrated In FIG. 10. the bottom portion 215c of the shoe 215 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 
methods. The wellbore 100 may then be extended in a conventional manner using a 
conventional drilling assembly. In a prefsn^d embodiment, the inside diameter of the 
extended portion of the wellbore 1 00 is greater than the inside diameter of the radially 
expanded shoe 215. 

As Illustrated In FI6. 11. the method of FIGS. 1-10 may be repeatedly 
perfomfied In order to provide a mono-diameter weHbore casing that includes 
overiapping wellbore casings 1 15 and 210a-210e. The wellbore casing 115. and 210a- 
210e preferably Include outer annular layers of fluidic sealing material. Altemath/ely. 
the outer annular layers of fluidic sealing material may be omitted. In this manner, a 
mono-diameter wellbore casing may be formed within the subterranean fonnation that 
extends for tens of thousands of feet More generally still, the teachings of FIGS. 1-1 1 
may be used to form a monoKllameter wellbore casing, a pipeline, a structural support, 
or a tunnel within a subtenanean fwmatlon at any orientafion from the vertical to the 
horizontal. 

In a prefenred embodiment, the formatirai of a mono-dianwter weHbore casing, 
as illustrated in FIGS. 1-1 1 . is further provided as disclosed in one or more of the 
following: (1 ) U.S. patent application serial no. 09W54.1 39. attomey docket no. 
25791.03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913. 
attorney docket no. 25791 .7.02. filed on 2/23C000. (3) U.S. patent application serial 
no. 09/502.350. attomey docket no. 25791 .8.02. filed on 2/10/2000. (4) U:S. patent 
application serial no. 09/440.338. attomey docket no. 25791.9.02. filed on 1 1/15/1999, 
(5) U.S. patent applicatkm serial no. 09/523,460. attomey docket no. 25791 .11 .02. filed 
on 3/10/2000, (6) U.S. patent application serial no. 09/512.895. attomey docket no. 
25791.12.02. filed on 2«4/2000. (7) U.S. patent appOcatton serial no. 09/511,941, 
attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 
no. 09/588.946. attorney docket no. 25791 .17.02. filed on 6/7/2000. (9) U.S. patent 
applicatfon serial no. 09/559.122. attomey docket no. 25791.23.02. filed on 4/26/2000, 
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(10) PCT patent application serial no. PCT/USOQ/18635, attorney docket no. 
25791.25.02. filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162.671. attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047. attorney docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provlstonal patent applicatkm serial no. 60/159,082, attorney 
docket no. 25791.34. filed on 10/12/1999. (14) U.S. provistonal patent applteatk>n serial 
no. 60/159.039, attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159,033. attorney docket no. 25791 .37. filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212,359. attorney 
docket no. 25791.38. filed on 6/19/2000. (17) U.S. provistonal patent appllcatkm serial 
no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999. (18) U.S. 
provistonal patent appllcatton serial no. 60/221 ,443, attorney docket no. 25791 .45. filed 
on 7/28^00. (19) U.S. provistonal patent application serial no. 60^1,645. attorney 
docket no. 25791.46. filed on 7/28/2000. (20) U.S. provisional patent application serial 
no. 60/233,638, attorney docket no. 25791.47. filed on 9/18/20)0. (21) U.S. provisional 
patent appltoatton serial no. 60/237,334, attorney docket no. 25791.48. filed on 
10/2/2000, and (22) U.S. provisional patent application serial no. 60/262.434. attorney 
docket na 25791 .51. filed on 1/17/2001. the disctosures of wtiich are incorporated 
herein by reference. 

Referring to FIGS. 12, 12a, 12b. 12c and 12d. In an aitemativB enrjbodlment, an 
apparatus 300 for fomiing a mono-diameter welibore casing is posittoned within the 
wetlbore casing 1 15 that is substantially Menttoal In draign and operatton to the 
apparatus 200 except that a shoe 305 is substituted for the shoe 215. 

In a preferred embodiment, the shoe 305 includes an upper portion 305a, an 
intennediate portion 30Sb. and a lower portion 305c having a valveable fluid passage 
310 that is preferably adapted to receive a plug. dart, or other similar element for 
bontrollably sealing the fiukl passage 310. In this manner, the flukl passage 310 may 
be optimally sealed off by introducing a plug, dart and/or ball sealing etomente Into the 
fluid passage 310. 

The upper and lower portions. 305a and 305c. of the shoe 305 arB preferably 
substantially tubular, and the intennediate portton 305b of the shoe includes 
corrugations 305ba-305bh. Furthermore, in a preferred embodiment, when the 
Intennediate portton 305b of the shoe 305 is radially expanded by the application of 
fluid pressure to the interior 315 of the shoe 305, the insMe and outside diameters of 
the radialiy expanded intermediate portton are preferably both greater than the inside 
and outskle diameters of the upper and tower porttons, 305a and 305c. In this manner. 
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the outer circumference of the intermediate portion 305b of the shoe 305 is preferably 
greater than the outer circumferences of the upper and lower portions. 305a and 305c 
of the shoe. 

In a preferred embodiment, the shoe 305 further Includes one or more through 
5 and side outlet ports in fluidic oommunicatton with the fluid passage 310. In this 
manner, the shoe 305 optimally injects hardenable fluidic sealing material Into the 
region outside the shoe 305 and tubular member 21 0. 

In an alternative embodiment, the flow passage 31 0 Is omitted. 
In a preferred embodiment, as illustrated in FIGS. 12 and 12d. during 
10 placement of the apparatus 300 within the wellbore 100. fluidic materials 250 within the 
welibore that are displaoed by the apparatus are conveyed through the fluid passages 
310. 205a. 225a. and 225b. in this manner, surge pressures created by the placement 
of the appwatus within the welibore 100 are reduced. 

In a preferred embodiment, as illustrated In FIG. 13 and 13a. the fluid passage 
225b is then dosed and a hardenable fluidic sealing material 255 is then pumped from 
a surface location Into the fluid passages 225a and 205a. The material 255 then 
passes from the fluid passage 205a into the interior region 31 5 of the shoe 305 below 
the expansion cone 205. The material 255 then passes from the Interior region 315 
into the fluid passage 310. The material 255 then exits the apparatus 300 and fills the 
20 annular region 260 between the exterior of the tubular nr»ember 21 0 and the interior wall 
of the new section 1 30 of the wenbore 100. Continued pumping of the material 255 
causes the material to fill up at least a portion of the annular region 260. 

The material 255 Is preferably pumped Into the annular regton 260 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1 .500 
26 gallons/mln. respectively. The optimufh flow rate and operating pressures vaiy as a 
function of the casing and welibore sizes, wellbore section lengtti. avaiiabfe pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detemiined using conventional empirical 
mettK)ds. 

30 The hardenable fluidic sealing material 255 may bo any number of conventional 

commercially available hardenable fluidic sealing materials such as, for example, slag 
mb(, cement, latex or epoxy. In a prefenred embodiment ttie hardenable fluidic sealing 
material 255 Is a blended cement prepared spedflcally for ttie particular well secBon 
being drilled from Halliburton Energy Services in Dallas. TX In order to provide optimal 

35 support for tubular member 210 while also maintaining optimum flow characteristics so 
as to nninlmtae difticultfes during ttie displacement of cement In ttie annular region 260. 
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The optimum blend of the blended cement Is preferably determined using conventional 
empirical methods. In several altemative embodiments, the harderiable fluidic sealing 
material 255 is compressible before, during, or after curing. 

The annular region 260 preferably is filled with the material 255 in sufficient 
quantities to ensure ttiat. upon radial expansion of the tubular member 210, the annular 
region 260 of the new section 1 30 of the wellbore 100 will be filled virfth the material 
255. 

In an altemativa embodiment, the Injection of the material 255 into the annular 
region 260 is omitted. 

As niustrated in FIGS. 14 and 14a. once the annular region 260 has been 
adequately filled with tite material 255, a plug 265. or other similar device. Is introduced 
into the fluid passage 310. ttierebyfluldldy isolating the Interior region 315 from the 
annular region 260. In a preferred embodiment, a non-hardenablo fluidic material 270 
is then pumped into ttie interior region 315 causing ttie interior region to pressurize. In 
tills manner, tiie interior region 315 will not contain significant amounts of tiie cured 
material 255. This also reduces and simplifies ttie cost of the entire process. 
Alternatively, tt» material 255 may be used during this phase of the process. 

As Ulustrated in FIG. 15, in a preferred embodiment, the continued injection of 
ti» fluidic material 270 pressurizes ttie region 315 and unfolds the comjgations 305ba- 
305bh of the intemriediale portion 305b of ttie shoe 305. In a prefened embodiment, 
ttie outside diameter of ttie unfolded intemiediate portion 305b of the shoe 305 is 
greater tiian ttie outside diameter of ttie upper and lower portions, 305a and 305b, of 
ttie shoe. In a preferred embodiment, ttie inside and outside diametere of ttie unfolded 
intemiediate portion 305b of ttie shoe 305 are greater ttian ttie inside and outside 
diametere, respectively, of ttie upper and lower portions. 305a and 305b, of ttie shoe. 
In a prefened embodiment, ttie inside diameter of ttie unfolded intemiediate portion 
305b of ttie shoe 305 is substantially equal to or greater ttian ttie Inside diameter of ttie 
preexisting casing 305 In order to optimize ttie fbmiation of a mono-diameter wellbore 
casing. 

As illustrated in FIG. 16, in a prefened embodiment, the expansion cone 205 is 
ttien lowered into ttie unfolded Intemiediate portion 305b of the shoe 305. In a 
prefened embodiment, ttie expansion cone 205 is lowered Into ttie unfolded 
Intemiediate portion 305b of ttie shoe 305 until ttie bottom of ttie expansion cone is 
proximate ttie lower portion 305c of ttie shoe 305. In a prefened embodiment, during 
ttie lowering of ttie expansion cone 205 Into ttie unfolded intenmediate portion 305b of 
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the shoe 305, the material 255 within the annular region 260 maintains the shoe 305 In 
a substantially stationary position. 

As illustrated in FIG. 17. in a preferred embodiment, the outside diameter of the 
expansion cone 205 is then increased. In a prefenred embodiment, the outside 
diamoter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5.348.095. and/or 6.01 2.523. the disclosures of which are Incorporate herein by 
reference. In a preferrBd embodiment. thQ outside diameter of the radially expanded 
expansion cone 205 is substantially equal to the inside diameter of the preexisting 
wellbore casing 115. 

In an alternative embodlnroht. the expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 305 prior to being radially expanded. In this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

In another alternative embodiment, ttie expansion cone 205 is not radially 
expanded. 

As Illustrated in FIG. 18. in a preferred embodiment, a fluldic material 275 is 
then injected Into the region 315 through the fluid passages 225a and 205a. In a 
prefemBd embodiment, once the interior region 315 becomes sufficiently piessurized. 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 
plastically deformed, radially expanded, and extruded off of the expansion cone 205. 
FUrthennore, in a preferred embodiment, during the end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the lower portion of the 
preexisting casing 1 15 that overiap with one another are simultaneously plastically 
deformed and radially expanded. In this manner, a mono-diameter weHbore casing 
may be fornied that Includes the preexisfing wellbore casing 1 1 5 and the rady ly 
exparKied tubular memt>er 210. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 
the tubular member 210 is expanded In order to keep the tubular member 210 
stationary relativa to the new wellbore section 130. In this manner, an overiapping Joint 
between the radially expanded tubular member 210 and the lower portion (rf the 
preexisting casing 1 15 may be opUmally formed. In an altemativa preferred 
embodiment, the expansion cone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular member 21 0 to extrude off of the 
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expansion cone 205 and into the new wellbore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a preferred embodiment, when the upper end portion 21 Od of the tubular 
member 210 and the lower portion of the preexisting casing 1 15 that overlap with one 
5 another are plasticalty deformed and radially expanded by the expansion cone 205. the 
expansion cone 205 is displaced out of the wellbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

The overlapping joint between the lower portion of the preexisting casing 1 1 5 
1 0 and the radially expanded tubular member 210 preferably provides a gaseous and 
fluldic seal. In a particularly preferred embodiment, the sealing membere 245 optimally 
provide a fluldic and gaseous seal in the overlapping Joint In an alternative 
enrdxxliment, the sealing members 245 are omitted. 

In a preferred embodiment, the operating pressure and flow rate of the fluldic 
1 5 material 275 is contrdlably ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extrusion of the tubular nrmmber 21 0 off of the 
expansion cone 205 can be minimizal. In a prefenred embodiment, the operating 
pressure is reduced in a substantially linear fashion from 100% to about 10% during 
20 the end of the extojsion process beginning when the expansion cone 205 fe within 
at>out 5 feet from completion of the extrusion process. 

Alternatively, or in combination, the wall thickness of the upper end portion 
21 Od of the tubular member is tapered in order to gradually reduce the required 
operating pressure for plastically defonning and radially expanding the upper end 
25 portion of the tubular member. In this manner, shock loading of the apparatus may be 
at least partially minimized. 

Alternatively, or in combinatton, a shock absort>er is provided in the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorit)er may comprise, for example, any conventional commercially 
30 available shock absort>er adapted for use in wellbore operattons. 

Altemativety, or in combinatton, an expansion cone catching structure is 
provided in the upper end portion 21M of the tubular member 21 0 in order to catch or 
at least decelerate the expansion cone 205. 

In a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 
35 buret and firictton effects upon the tubular member 210 during the expansion process. 
These effects will be depend upon the geometry of the expansion cone 205, the 
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material composition of the tubuiar member 210 and expanston cone 205, the inner 
diameter of the tul)ular member 21 0, the wall thickness of the tubular member 21 0, the 
type of lubricant, and the yield strength of the tubular member 210. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
5 strength of the tubular member 210, then the greater the operating pressures required 
to extrude the tubular member 21 0 off of the expansion cone 205. 

For typical tubular members 210, the extrusion of the tubular member 210 off of 
the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 500 to 9,000 psi. 

10 During the extruston process, the expansion cone 205 may be raised out of the 

expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 5 Wsec In a preferred embodiment, during the extmslon process, the expansion 
cone 205 is raised out of the expanded portton of the tubular member 210 at rates 
ranging from about 0 to 2 ft/sec in order to minimize the Ome required for the expansion 

1 5 process while also permitting easy control of the expansion process. 

As Illustrated in FIG. 19, once the extruston process is completed, the 
expansion cone 205 is removed from the wellbore 100. In a preferred embodiment, 
either before or after the renroval of the expansion cone 205, the integrity of the fluidic 
seal of the overiapplng joint between the upper end portion 21 Od of the tubular member 

20 210 and the tower end portton 1 15a of the preexisting wellbore casing 1 15 is tested 
using coriventional methods. 

In a preferred embodiment, if the flukiic seal of the overiapping Joint between 
the upper end portton 210d of the tubular mentber 210 and the lower end portion 1 15a 
of the casing 1 15 is satisfactory, then any uncured portton of the material 255 within the 

25 expanded tubular member 210 is then remove in a conventional manner such as, for 
exampto, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expanston cone 205 Is ttien pulled out of the wellbore section 1 30 
and a drill bit or mill is used in comblnatton with a conventional drilling assembly to drill 
out any hardened material 255 within the tubular member 210. in a prefened 

30 embodiment, the material 255 within the annular regton 260 is then allowed to fully 
cure. 

As Illustrated in FIG. 20, the bottom portion 305c of the shoe 305 may then be 
removed by drilling out the bottom portion of the shoe ising conventtonal drilling 
methods. The wellbore 100 may then be extended in a conventional manner using a 
35 conventional drilling assembly. In a preferred embodiment, the inside dianr^ter of the 
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extended portion of the wellbore is greater than the inside diameter of the radially 
expanded shoe 305. 

The method of FIGS. 1 2-20 may be repeatedly perfbmrad In order to provide a 
mono-diameter wellbore casing that Includes overlapping wellbore casings. The 
overlapping wellbore casing preferably Include outer annular layers of fluidic seaHng 
material. Afterrwtlvely, the outer annular layers of fluidic sealing material rrwy be 
omitted. In this manner, a monb-dlameter vyellbore casing may be formed within the 
subterranean fomwtion that extends for tens of thousands of feet More generally still, 
the teachings of FIGS. 12-20 may be used to fomi a momHliameter wellbore casing, a 
pipeline, a structural support, or a tunnej within a subterranean fbnmation at any 
orientation from the vertical to the horizontal. 

In a prefen^ embodiment, the formaBpn of a mono^llameter wellbore casing^ 
as illustrated in FIGS. 12-20. is further provided as disclosed in one or more of the 
following: (1) U.S. pateht application serial no. 09/454.139, attorney docket no. 
25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510.913, 
attorney dodcet no. 25791.7.02. filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350. attorney docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440.338, attomey docket no. 25791.9.02. filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460. attomey docket no. 25791.11.02. filed 
on 3/10/2000. (6) U.S. patent application serial no. 09^512.895. attomey docket no. 
25791.12.02, filed on 2/24/2000. (7) U.S. patent applicatton serial no. 09/511.941, 
attomey docket no. 25791.16.02, filed on 2/24/2000. (8) U.S. patent applicatkxi serial 
no. 09/588.946. attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
appUcatlon serial no. 09/559,122. attomey docket no. 25791.23.02. filed on 4/26/2000. 
(10) PCT patent applicatton serial no. PCTAJSOO/18635. attonrwy docket no. 
25791.25.02. filed on 7/9/2000, (11) U.S. provlskwial patent application serial no. 
60/162.671. attomey docket no. 25791.27. filed on 11/1/1999. (12) U.S. provistonal 
patent application serial no. 60/154.047. attomey docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provistonal patent appltoation serial no. 60/159.082, attorney 
docket no. 25791.34. filed on 10/12/1999, (14) U.S. provistonal patent applicatton serial 
no. 60/159.039. attomey docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
provistonal patent application serial no. 60/159,033, attomey docket no. 25791.37, filed 
on 10/12/1099, (16) U.S. provisional patent applicatton serial no. 60/212.359, attomey 
docket no. 25791.38, fitod on 6/19/2000, (17) U.S. provistonal patent application serial 
no. 60/165.228. attomey docket no. 25791.39. filed on 1 1/12/1999. (18) U.S. 
provisional patent application serial no. 60/221,443, attomey docket no. 25791.45, filed 
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on 7^8/2000, (19) U.S. provisional patent application serial no. 60/221 ,645, attorney 
docket no. 25791.46, filed on 7/28/2000. (20) U.S. provisional patent application serial 
no, 60/233,638, attorney docket no. 25791.47, filed on 9/18/2000. (21) U.S. provisional 
patent application serlal.no. 60/237,334, attorney docket no. 25791 .48, filed on 
5 10/2/2000, and (22) U.S. provbional patent application serial no. 60/262,434, attorney 
docket no. 25791.51, filed on 1/17/2001, the disctosures of which are incorporated 
herein by reference. 

in several alternative emtKxliments, the apparatus 2(X) and 300 are used to 
form and/or repair wellt)ore casings, pipelines, and/or structural supports. 

10 In several alternative emlxxJiments, the fokJed geometries of the shoes 215 and 

305 are provided In accordance with the teachings of U.S. Patent Nos. 5,425,559 
and/or 5.794,702. the disclosures of which are incorporated herein by reference. 

An apparatus for forming a wellbore casing in a borehole located in a 
subterranean fonnatic^i including a preexisting wellbore casing has been described that 

1 5 includes a support member including a first fluid passage, an expansion cone coupled 
to the support member including a second fiuM passage fluldidy coupled to ttie first 
flukJ passage, an expandable tubular liner movably coupled to the expansion cone, and 
an expandable shoe coupled to the expandable tubular liner. In a preferred 
embodiment, the expanston cone is expandable. In a prefened embodiment, the 

20 expandable shoe includes a valveable fluM passage for controlling the flow of flukJic 
materials out of me expandable shoe. In a prefened embodiment the expandable 
shoe includes: an expandable portion and a remaining portton, wherein the outer 
drcumference of the expandable portkm is greater than the outer circumference of the 
remaining portion. In a prefened embodiment, the expandable portion includes: one or 

25 more inward folds. In a prefened embodiment, the expandable portion Includes: one or 
more corrugattons. In a prefened embodiment, the expandable shoe includes: one or 
more inward fokls. In a preferred embodiment, the expandable shoe Includes: one or 
more comigations. 

A shoe has also been described that includes an upper annular portion, an 

30 intermediate annular portion, and a k>wer annular portk>n, wherein the intenmdiate 
annular portion has an outer drcumference that is larger than the outer drcumferences 
of the upper and lower annular portkms^ In a preferred embodiment, the kTwer annular 
portion indudes a valveable fluid passage for controlling the flow of fluidic materials out 
of the shoe, in a preferred embodinrtent, the intennediate portion Indudes one or more 

35 inward foMs. In a preferred embodiment, the intemrmJiate portion indudes one or nrK>re 
corrugattons. 
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A method of forming a wellbore casing in a subterranean formation having a 
preexisfng wellbore casing positioned in a borehole has also been described that 
Includes Installing a tubular llrier, an expansion cone, and a shoe In the borehole, 
radially expanding at least a portion of the shoe by injecting a fluidic materlal Into the 
shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. In a prefened embodiment, the 
method further Includes radially expanding the expansion cone. In a preferred 
embodiment, the method further includes lowering the expansion cone Into the radially 
expanded portion of the shoe, and radially expanding the expansion cone. In a 
prefened embodiment the method further includes radially expanding at least a portion 
of the shoe and the tubular liner by injecUng a fluidic material into the borehole below 
the radially expanded expansion cone. In a prefened embodiment, the method further 
Includes Injecting a hardenable fluidic sealing material Into an annulus between the 
tubular liner and the borehole. In a preferred embodiment, the method further includes 
radially expanding at least a portion of the preexisting wellbore casing. In a preferred 
en*odlment, the method further includes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting wellbore casing. In a preferred 
embodiment, the inside diameter of the radially expanded tubular liner is substantially 
equal to the inside diameter of a nonoverlapping portion of the preexisting wellbore 
casing. In a preferred embodiment, the method further includes applying an axial force 
to the expansion cone. In a prefened embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
tubular liner. 

An apparatus for forming a wellbore casing in a subterranean fonmation having 
a preexisting wellbore casing positioned in a borehole has also been described that 
includes means for Installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at ledst a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a preferred embodiment, the 
apparati^ further includes means for radially expanding the expansion cone. In a 
prefened embodiment, the apparatus further Includes means for lowering the 
expansion oone Into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a prefened embodiment, the apparatus further 
includes means for injecting a fluidic material into the borehole below the radiaily 
expanded expansion cone. In a preferred embodiment the apparatus further Includes 
means for Injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a preferred embodiment, the apparatus further 
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Includes means for radially expanding at least a portion of the preexisting wellbore 
casing. In a preferred embodiment, the apparatus further Includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbore casing. In a prefened embodiment the Inside diameter of the 
radially expanded tubular liner is substantially equal to the Inside diameter of a 
nonoveriapping portion of the preexisting wellbore casing, in a preferred embodiment, 
the apparatus further includes means for applying an axial force to the expansion cone. 
In a prefened embodiment, the Inside diameter of the radially expanded shoe Is greater 
than or equal to the inside diameter of the radially expanded tubular liner. 

An apparatus for fomilng a wellbore casing within a subterranean formation 
Including a preexisting weilbore casing positioned In a borehole has also been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting wellbore casing. The 
inside diameter of the radially expanded tubular liner is substantially equal to the Inside 
diameter of a non-overlapping portion of the preexisting wellbore casing. 

A wellbore casing positioned In a borehole within a subtenanean formation has 
also been described that Includes a first wellbore casing and a second wellbore casing 
oouplaJ to and overtapping with the first wellbore casing, virfierein the second wellbore 
casing is coupled to the first wellbore casing by the process of: installing the second 
wellbore casing, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material Into the shoe, and radially 
expanding at least a portion of the second wellbore casfrig by Injecting a fluWIc material 
into the borehole below the expansion cone. In a preferred embodiment, the process 
for forming the wellbore casing further includes radially expanding the expansion cone. 
In a preferred embodiment, the process for fomiing the wellbore casing further Includes 
lowering the expansion cone into the radially expanded portion of the shioe, and radially 
expanding the expansion cone, in a prefenred embodiment, the process for fonning the 
wellbore casing further Includes radially expanding at least a portion of the shoe and 
the second weilbore casing by Injecting a fluidic material Into the borehole below the 
radially expanded expansion cone. In a preferred embodiment, the process for forming 
the wellbore casing further includes Injecting a hardenable fluidic sealing material Into 
an annulus between the second wellbore casing and the borehole. In a preferred 
embodiment, the process for fonning the wellbore caslni9 further includes radially 
expanding at least a portion of the flret wellbore casing. In a preferred embodiment, 
the process for forming the wellbore casing further includes overtapping a portion of ttie 
radially expanded second wellbore casing with a portion of the first wellbore casing. In 
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a preferred embodiment, the inside diameter of the radially expanded second wellbore 
casing is substantially equal to the inside diameter of a nonoverlapping portion of the 
first wellbore casing. In a preferred embodiment, the process for fonning the vvellbore 

casing further Includes applying an axial force to the expansion cone. In a preferred 
5 embodiment, the inside dimeter of the radially expanded shoe is greater than or 'equal 
to the inside diameter of the radially expanded second wellbore casing. 

A nwthod of forming a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehole has also been described ttiat 
Includes installing a tubular Hner. an expansion cone, and a shoe in ttie borehole. 
10 radially expanding at least a portion of the shoe by injecting a fluldic material Into the 
shoe, and radially expanding at least a portion of the tubular liner by Injecting a fluldic 
material Into ttie borehole below ttie expansion cone. In a preferred embodiment, ttie 
metttodfurttier includes radially expanding tt» expansion (XMie. In a preferred 
embodiment, ttie mettiod furttier includes lowering ttie expansion cone Into ttie radially 
15 expanded portion of ttie shoe, and radially expanding ttie expansion cone. In a 

prefenred embodiment ttie mettiod furttier includes FBdially mpanding at least a portion 
of ttie shoe and ttie tubular liner by injecting a fluldic material Into ttie borehole below 
ttie radiaHy expanded expansion cone. In a preferred embodiment, ttie mettiod furttier 
includes injecting a hardenable fluldic sealing material into an annulus between ttie 
20 tubular liner and ttie borehole. In a preferred embodiment, ttie mettiod furttier Includes 
radially expanding at least a portion of ttie preexisting tubular member. In a preferred 
embodiment, ttie mettiod furttier Includes overiapping a portion of ttie radially 
expanded tubular liner witti a portion of ttie preexisting tubular member. In a preferred 
embodinwnt. ttie inside diameter of ttie radially expanded tubular liner is substantially 
25 equal to ttie Inside diameter of a nonoveriapping portion of ttie preexisting tubular 
member. In a prefenred embodiment, ttie mettiod furttier includes applying an axial 
force to ttie expansion cone. In a prefen^d embodiment, ttie Inside diameter of ttie 
radially expanded shoe is greater ttian or equal to ttie inside diameter of ttie radially 
expanded tubular liner. 
30 An apparatus for fonning a tubular sttucture In a subterranean fbnnation having 

a preexisting tubular member positioned in a borehole has also been described ttiat 
includes means for Installing a tubular Bner. an expansion cone, and a shoe In ttie 
borehole, means for radially expanding at least a portion of ttie shoe, and means for 
radially expanding at least a portion of ttie tubular liner. In a preferred embodiment, ttie 
35 apparatus further includes means for radially expanding ttie expansion cone. In a 
preferred embodiment, ttie apparatus further includes means for lowering ttie 
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expansion cone into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a preferred emtxxllnnent, the apparatus further 
includes means for injecting a fluidic material into the borehole bekw the radially 
expanded expansion cone. In a preferred emtxxliment, the apparatus further includes 

5 means for injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a preferred embodiment, the apparatus further 
Includes means for radially expanding at least a portion of the preexisting tubular 
' niember. In a preferred embodiment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 

10 preexisting tubular member. In a preferred embodinnent, the inside diarrieter of the 
radially expanded tubular liner is sut>stantially equal to the inside diameter of a 
nonoverlapptng portion of the preexisting tubular member. In a prefenred embodiment, 
the apparatus further includes mear^ for applying an axial force to the expansion cone. 
In a preferred embodiment, the inside diameter of the radially expanded shoe Is greater 

15 than or equal to the inside diameter of the radially expanded tubular liner. 

An apparatus for forming a tubular structure within a subterranean fbnmaUon 
Including a preexisting tubular member positioned in a borehole has also been 
descrit)ed that includes a tubular liner and means for radially expanding and oouplirvg 
the tubular liner to an overlapping portion of the preexisting tubular member. The 

20 inside diameter of the radially expanded tubular llrmr is substantially equal to the inside 
diameter of a non-overlapping portion of the preexisting tubular member. 

A tubular structure positioned In a borehole within a subtenranean fonrnation has 
also been described that includes a first tubular member and a second tubular member 
coupled to and overlapping with the first tubular memt>er, wherein the second tubular 

25 member Is coupled to the first tubular memt)er by the process of: installing the second 
tubular member, an expansion cone, and a shoe In the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material Into the shoe, and radially 
expanding at least a portion of the second tubular member by injecting a fluidic material 
into the borehole below the expansion cone, in a preferred emtxxJiment, the process 

30 for forming the tubular structure further includes radially expanding the expansion cone. 
In a preferred embodiment, the process for forming the tubular structure further 
includes lowering the expansion cone Into the radially expanded portion of the shoe, 
and radially expandlrig the expansion cone. In a preferred embodiment, the process 
for forming the tubular structure further Includes radially exparnllng at least a portion of 

35 ttie shoe and the second tubular member by injecting a fluidic material into the 

borehole below the radially expanded expansion cone. Ir> a preferred dmbbdirrtent, the 



28 



process for fonming the tubular stnjcture further includes injecting a hardenable fluldic 
sealing nnaterial into an annulus between the second tubular member and the borehole. 
In a prefenred embodiment, the process for forming the tubular structure further 
includes radially expanding at least a portion of the first tubular menrd)er. In a preferred 

5 embodiment, the process for forming the tubular structure further includes overlapping 
a portion of the radially expanded second tubular member with a portion of the first 
tubular member. In a preferred embodiment the inside diameter of the radially 
expanded second tububr member is substantially equal to the inside diameter of a 
nonoverlapping portion of the first tubular nr^ember. In a preferred emtKxliment, the 

10 process for fonnlng the tubular structure further includes applying an axial force to the 
expansion cone. In a preferred embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

Although illustrative embodiments of the invention have been shown and 

15 described, a wide range of modification, changes and substitution is contemplated In 
the foregoing disclosure. In some instances, sotne features of the present invention 
may be employed without a corresponding usfe of the other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the invention. 



20 



CUVIMS 



29 



1 . A tubular structure positioned In a borehole within a subten^nean formation, 
comprising: 
5 a first tubular member; and 

a second tubular member coupled to and overlapping with the first tubular 
memben 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

10 installing the second tubular member, an expansion cone, and a shoe that 

defines an interior region for containing fluldic materials in the borehole; 

radially expandirig at least a portion of the shoe by injecting a fluidic material 
into the interior region of the shoe; and 

radially expanding at least a portion of the second tubular member by injecting 
15 a fluidic material into the borehole below the expansion cone. 

2^ The tubular structure of daim 1 , wherein the process further comprises: 
radially expanding the expansion cone. 

20 3. The tubular structure of dabn 1 , wherein the process further comprises: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

4. The tubular structure of daim 3. wherein the prcK:es8 further coniprises: 

25 radially expanding at least a portion of the shoe and the second tubular menrd)er 

by Injecting a fiuldic material into the borehole below the radially expanded expansion 
cone. 

5. The tubular structure of daim 1 , wherein the process further comprises: 

30 injecting a hardenable fluidic sealing material Into an annulus between the 

seoond tubular member and the borehole. 

6. The tubular structure of daim 1 , wherein the process further comprises: 
radially expanding at least a portion of the first tubular member. 

35 

7. The tubular structure of daim 6. wherein the process further comprises: 



30 

overtapping a potion of the RKlially expanded second tubular member with a 
portion of the first tubular member. 

8. The tubular stmcture of daim 7, wherein the Inside diameter of the radially 

5 expanded second tubular merrAer is substantially equal to the Inside diameter of a 
nonoveriapping portion of the first tubular member. 

9. The tubular structure of daim 6, wherein the process further comprises: 
applying an axial force to the expansion cone. 

0 

1 0. The tubular structure of daim 1 , wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second tubular member. 
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1 . An apparatus for forming a wellbore casing in a borehole located in a 
subterranean fomnation Including a preexisting wellbore casing, comprising: 

5 a support member including a first fluid passage; 

an expansion cone coupled to the support member including a second fluid 

passage fluididy coupled to the flrst fluid passage; 
an expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of dalm 1 , wherein the expansion cone is expandable. 

3. The apparatus of dalm 1 , wherein the expandable shoe includes a vatveable fluid 
passage for controlling the flow of fluidic materials out of the expandable shoe. 

15 

4. The apparatus of daim 1 , wherein the expandable shoe indudes: 
an expandable portion; and 

a remaining portion coupled to the expandable portion; 
wherein the outer drcumference of the expandable portion is greater than the 
20 outer drcumference of the remaining portion. 



5. The apparatus of daim 4, wherein the expandable portion indudes: 
one or more inward folds. 

25 6. The apparatus of daim 4, wherein the expandable portion indudes: 
one or nrKxe oorrugations, 

7. The apparatus of daim 1 , wherein ttie expandable shoe indudes: 
one or more inward folds. 

30 

8. The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or nr>ore corrugations. 



9. 

35 



A shoe, comprising: 

an upper annular portion; 

an Intermediate annular portion coupled to tiie upper annular portion; and 
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a lower annular portion coupled to the Intenmedlate portion; 

wherein the intemrtediate annular portion has an outer drcumferenoe that is 

larger than the outer circumferences of the upper and lower annular 

portions. 

5 

10. The shoe of claim 9, wherein the lower annular portion includes a valveable fluid 
passage for controlling the flow of fluidic materials out of the shoe. 

1 1 . The shoe of daim 9. wherein the intermediate portion Includes: 
10 one or more inward folds. 

12. The shoe of daim 9, wherein the intermediate portion includes: 
one ornrK>re corrugations. 

15 13. A method of forming a wellt)ore casing In a subterranean formation having a 
preexisting weilbore casing positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe In the borehde; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; and 

20 radially expanding at least a portion of the tubular liner by injecting a fluidic 

material into the borehole below the expansion cone. 

14. The method of daim 13, further comprising: 
radially expanding the expansion cone. 

25 

1 5. The method of daim 1 3, further comprising: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

30 16. The method of daim 15, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehole below the radially expanded 
expansion cone. 



35 17. 



The method of claim 13, further comprising: 



33 

injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. 

The method of daim 1 3, further comprising: 
radially expanding at least a portion of the preexisting wellbore casing. 

1 9. The method of daim 1 8, further comprising: 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting weHbore casing. 

10 

20. The method of daim 1 9, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the Inside diameter of a 
nonovertapping portion of the preexisting wellbore casing. 

15 21. Themethodof daim 18, further oomprfeing: 
applying an axial force to the expansion cone. 

22. The method of daim 13, wherein the Inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 

20 expanded tubular liner. 

23. An apparatus for fomning a wellbore casing in a subterranean fomnation having a 
preexisting wellbore casing positioned in a boreMe, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially expanding at least a portion of the shoe by injecting a fluldic 

material into the shoe; and 
means for radially expanding at least a portion of the tubular liner by Injectirtg a 

fluidic material into the borehole below the expansion cone. 

30 

24. The apparatus of daim 23, further comprising: 
means for radially expanding the expansion cone. 
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25. 



The apparatus of daim 23, further comprising: 

means for towering the expansion cone into the radially expanded portion of the 
shoe; and 
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means for radially expanding the expansion cone. 



10 



26. The apparatus of daim 25, further comprising: 
means for injecting a fluidic material into the tx)rehole below the radially 

expanded expansion cone. 

27. The apparatus of daim 23, further comprising: 
means for injecting a hardenabie fluidic sealing material into an annulus 

betoA^n the tubular liner and the borehde. 

28. The apparatus of daim 23, further comprisirig: 

means for radially expanding at least a portion of the preexisting wellbore 
casing. 

15 29. The apparatus of daim 28, further comprising: 

means for overiapping a portion of the radially expanded tubular liner with a 
portion of the preexisting wellbore casing. 

30. The apparatus of daim 29, wherein the inside diameter of the radially expanded 
20 tubular liner is substantially equal to the inside diameter of a nonoveriappihg portion of 

the preexisting wellbore casing. 

31 . The apparatus of daim 28, further comprising: 
means for applying an axial force to the expansion cone. 
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32. The apparatus of daim 23, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 



30 33. An apparatus for fonming a wellbore casing within a subterranean formation 
induding a preexisting wellbore casing positioned in a borehole, comprising: 
a tubular liner; and 

means for radially expanding and coupling the tubular liner to an overiapping 
portion of the preexisting wellbore casing; 
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wherein the inside dianneter of the radially expanded tubular liner is 

sut>stantially equal to the inside dlanneter of a non-overlapping portion of 
the preexisting wellbore casing. 

5 34. A wellbore casing positioned in a borehole within a subten^nean fonfnation. 
comprising: 

a first weiibore casing; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

10 wherein the second wellbore casing is coupled to the first wellbore casing by 

the process of: 

Installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
15 material into the shoe; and 

radially expanding at least a portion of the second wellbore casing by 

injecting a fluidic material into the borehole below the expansion 

cone. 

20 35. The wellbore casing of daim 34. wherein the process further comprises: 
radially expanding the expansbn cone. 

36. The wellbore casing of dalm 34, wherein the process further comprises: 
lowering the expansion oone into the radially expanded portion of the shoe; and 

25 radially exparuling the expansion cone. 

37. The wellbore casing of daim 36, wherein the process further comprises: 
radially expanding at least a portion of the shoe and the second wellbtm casing 

by injecting a fluidic material into the borehole below the radially 
30 expanded expansion oone. 

38. The wellbore ceding of daim 34, wherein the process further comprises: 
injecting a hardenable fluidic sealing material into an annulus between the 

second wellbore casing and the borehole. 

35 

39. The wellbore casing of dalm 34, wherein the process further comprises: 
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radially expanding at least a portion of the first wellbore casing. 
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40. The wellbore casing of daim 39, wherein the process further comprises: 
overlapping a portion of the radially expanded second wellbore casing with a 

portion of the first wellbore casing. 

41 . The wellbore casing of dalm 40, wherein the inside diameter of the radially 
expanded second wellbore casing is substantially equal to the inside diameter of a 
nonovertapping portion of the first wellbore casing. 

42. The wellbore casing of daim 39, wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The wellbore casing of daim 34, wherein the inside diameter of the radially 
1 5 expanded shoe is greater than or substantially equal to the inside diameter of the 

radially expanded second wellbore casing. 

44. A method of fomiing a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehole, comprising: 

20 installing a tubular liner, an expansion cone, and a shoe in the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. 

25 

45. The method of daim 44, further comprising: 
radially expanding the expansion cone. 

46. The method of daim 44, further comprising: 

30 lowering the expansion cone into the radially expanded portion of the shoe; and 

radially expanding the expansion cone. 

47. The method of daim 46, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
35 a fluidic material into the borehole below the radolly expanded 

expansion cone. 
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48. The method of daim 44, further comprising: 

injecting a hardenable fluidic sealing material into an annulus t>etween the 
tubular liner and the borehole. 

5 

49. The method of daim 44, further comprising: 

radially expanding at least a portion of the preexisting tubular nnenrtber. 

50. The method of daim 49, further comprising: 

1 0 overiapping a portion of the radially expanded tubular liner with a portion of the 

preexisting tubular member to provide a toad bearing interfece and a 
fiuldic seal. 

51 . The method of daim 50, wherein the Inside diameter of the radially expanded 

1 5 tubular liner is substantially equal to the inside dianrater of a nonoveriapping portion of 
the preexisting tubular member. 

52. The method of daim 49, further comprising: 
applying an axial force to the expansion cone. 

20 . 

53. The method of daim 44, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for forming a tubular structure in a subterranean formation having a 
preexisting tubular member positioned iri a borehole, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54, further comprising: 

means fbr radially expanding the expanston cone. 



35 56. The apparatus of daim 54, further comprising: 
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means for lowering the e)q3ansion cone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion cone. 

5 57. The apparatus of daim 56, further comprising: 

means for injecting a fluidic niaterial into the tx>rehole below the radially 
expanded expansion cone. 

58. The apparatus of daim 54, further comprising: 

1 0 means for tnjeciing a hardenable fluidic sealing material into an annulus 

between the tubular liner and the borehole. 

59. The apparatus of daim 54, further comprising: 

nneans for radially expanding at least a portion of the preexisting tubular 
15 membo*. 

60. The apparatus erf daim 59, further comprising: 

means for overiapping a portion of the radially expanded tubular liner with a 
portion of the preexistirTg tubular memt>er to provide a load bearing 
20 interface and a fluidic seal. 

61 . The apparatus of daim 60, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to the inside diameter of a nonoveriapping portion of 
the preexisting tubular member. 

25 

62. The apparatus of daim 59. further comprising: 

means for applying an axial force to the expansion cone. 

63. The apparatus of daim 54, wherein the inside diameter of the radially expanded 
30 shoe is greater than or substantially equal to the inside diameter of the radially 

expanded tubular liner. 

64. An apparatus for forming a tubular structure within a subterranean formation 
induding a preexisting tubular member positioned in a borehole, comprising: 

35 a tubular liner, and 
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means for radially expanding and coupling the tubular liner to an overlapping 

portion of the preexisting tubular member; 
wherein the inside diameter of the radiaily expanded tubular liner is 

substantially equal to the inside diameter of a non-overlapping portion of 
5 the preexisting tubular member. 

65. A tubular structure positioned In a borehole within a subtenanean formation, 
comprising: 

a first tubular member; and 
10 a second tubular member coupled to and overlapping with the first tubular 

member 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

InstaDIng the second tubular member, an expansion cone, and a shoe in 
15 the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
radiaily expanding at least a portion of the second tubular member by 
injecting a fluidic material into the borehole below the expansion 
20 cone. 

66. The tubular structure of daim 65. wherein the process further comprises: 

radially expanding the expansion cone. 

25 67. Thetubular structureof daim 65, wherein the process further cornprisK 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

68. The tubular structure of daim 67, wherein the process further comprises: 
30 radially e)qpanding at least a portion of the shoe and the second tubular member 

by injecting a fluidic material into the borehole below the radially 
expanded exparision cone. 



69. 

35 



The tubular structure of daim 65, wherein the process further comprises: 
injecting a hardenable fluidic sealing material into an annulus between the 
second tubular member and the borehole. 
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70, The tubular structure of daim 65. wherein the process further comprises: 
radially expanding at least a portion of the first tubular member. 

5 71 . The tubular structure of dalm 70, wherein the process further comprises: 

overlapping a portion of the radially expanded second tubular member with a 
portion of the first tubular member 

72. The tubular stmcture of dalm 71 , wherein the inside diameter of the radially 
10 expanded second tubular member Is substantially equal to the inside diameter of a 

nonoverlapping portion of the first tubular member. 

73. The tubular stmcture of daim 70, wherein the process further cornprises: 

applying an axial force to the expansion cone. 

15 

74. The tubular structure of daim 65, wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the Inside dianrteter of the 
radially expanded second tubular member. 

20 75. An apparatus for fomiing a wellbore casing in a borehole located in a 
subterranean formation induding a preexisting wellbore casing, comprising: 
a support member induding a first fluid passage; 
an expandable expansion cone coupled to the support member induding a 
second fluid passage fluididy coupled to the first fluid passage; 
25 an expandable tubular liner movabty coupled to the expanston cone; and 

an expandable shoe coupled to the expandable tubular liner comprising: 

a valveable fluid passage for controlling the flow of fluidic materials out 

of the expandable shoe; 
an expandable portion induding one or more inward fdds; and 
30 a remaining portion coupled to the expandable portion; 

wherein the outer drcunrYference of the expandable por%on is greater 
than the outer drcumferenoe of the remaining portion. 



76. A shoe, comprising: 
35 an upper annular portion; 
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an intermediate annular portion coupled to the upper annular portion including 

one or more inward folds; and 
a lower annular portion coupled to the Intermediate portion including a 

valveable fluid passage for controlling the flow of fluidic materials out of 
5 the shoe; 

wherein the intermediate annular portion has an outer circumference that is 
larger than the outer circumferences of the upper and lower annular 
portions. 

77- A method of fonming a wellbore casing in a subtenranean fbnmation having a 
preexisting wellt>ore casing positioned in a borehole, comprising: 

installing a tubular liner« an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 

material into the bcnehole below the expansion cone; and 
overlapping a portion of the radially expanded tubular liner with a portion of the 

preexisting wellbore casing; 
wherein the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the Inside diarrteter of the radially expanded 
tubular liner, and 
wherein the Inside diameter of the radially expanded tubular liner is 
substantially equal to or greater than the Inside diameter of a nonovertapping 
portion of the preexisting wellbore casing. 

78. An apparatus for forming a welltx>re casing in a subterranean fonmation having a 
preexisting wellbore casing positioned in a borehole, comprising: 
30 means for installing a tubular liner, an expansion oor>e, and a shoe in the 

borehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

rtiaterial into the shoe; 
means for lowering the expansion cone into the radially expanded portion of the 
35 shoe; 

means for radially expanding the expansion cone; 
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means for radially expanding at least a portion of the tubular liner by injecting a 
flufdic material into the borehole below the radially expanded expansion 
cone; 

means for radially expanding at least a portion of the preexisting wellbore 
casing; and 

means for overtapping a portion of the radially expanded tubular liner with a 

portion of the preexisting wellbore casing; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radblly expanded 

tubular liner, and 
wherein the inside diameter of the radially e)q>anded tubular liner is 

substantially equal to the inside diameter of a nmovertapping portion of 

the preexisting wellbore casing. 

79. A wellbore casing positioned in a borehole within a subtenanean fomiation, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overtapping with the first wellbore 
casing; 

wherein the second wellbore casing is coupled to the first wellbore casing by 
the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe try ir>iecting a fUMc 

nrurteriai into the shoe; 
lowering the expansion corie into the radially expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second wellbors casing by 
injecting a fiuidic material into the borehole below the radially 
expanded expansion cone; and 

overiapping a portion of the radially expanded second wellbore casing 
with a portion of the first wellbors casir^; 
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wherein the Inside diameter of the radially expanded shoe is greater 
than or sut)stantialiy equal to the inside diameter of the radially 
expanded second wellbore casing; and 

wherein the inside diameter of the radially expanded second wellbore 
5 casing is substantially equal to the inside diameter of a 

nonoverlapping portion of the first wellbore casing. 

80. A method of forming a tubular structure in a subtenranean formation having a 
preexisting tubular member positioned in a borehole, comprising: 

10 installing a tubular liner, an expansion cone, and a shoe in the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic nrtaterial 
into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 
1 5 radially expanding at least a portion of the tidHitar liner by injecting a fluidic 

material into the boehole below the radially expanded expansion cone; 

and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load t>earing interfece and a 
20 fluidic seal; 

wherein the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded 
tubular linen and 
wherein the inside dianrrater of the radially expanded tubular liner is 
25 substantially equal to the Inside diameter of a nonoveriappfng portion of 

the preexisting tubular member. 

81 . An apparatus for fonning a tubular stmcture in a subtenranean formation having a 
preexisting tubular member positioned in a borehole, comprteing: 

30 means for instaliirtg a tubular liner, an expansion oone» and a shoe in the 

borehole; 

means for radially expanding at least a portion of the shoe; 
HDeans for lowering the expansion cone into the radially expanded portion of the 
shoe; 

35 means for radially expanding the expansion cone; 

means for radially expanding at least a portion of the tubular liner, and 



means for overlapping a portion of the radially expanded tubular liner with a 

[K)rtiori of the preewsting tubular member to provide a load bearing 

interface and a fluidic seal; 
wherein the inside diameter of the radially expanded shoe is greater than or 
5 substantially equal to the inside diameter of the radially expanded 

tubular linen and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

ttie preexisting tubular member 

10 

82. A tubular structure positioned in a borehole v^in a subten^nean formation, 
oomprising: 

a first tubular memben and 

a second tubular member coupled to and overlapping witti the first tubular 
15 member; 

wherein the second tubular member is coupled to ttie first tubular member by 
ttie process of: 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

20 radially expanding at least a portion of ttie shoe by injecting a fluidic 

material Into the shoe; 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 
25 radially expanding at least a portion of Vha second tubular member by 

injecting a fluidic material into the borehole below tifie radially 
expanded expansion cone; and 
overlapping a portion of ttie radially expanded second tubular nrtember 
with a portion of the first tubular mmiber. 
30 wherein the inside diameter of ttie radially expanded shoe is greater 

than or substantially equal to ttie inside diameter of the radially 
expanded second tubular member, and 
wherein the inside diameter of ttie radially expanded second tubular 
member Is substantially equal to ttie inside diameter of a 
35 nonovertapping portion of ttie first tubular menriber. 



t 




AppUcationNo: GB0423416.7 Examiner: JDCantrell 

Claims seanrhed: 1-10 Date of search: 11 November 2004 

Patents Act 1977: Search Report under Section 17 



Documents considered to be rdevant: 



Category 


Relevant 
to claims 


Identity of document and passage or figure of particular relevance 


A 




GB2387405 A 
ENVENTURE 



Categories: ^ - : 

X r^™^ i iy*H*r»£ wwfttey or faamntivft A Documem iiKticflting tecfanological bactgrcnnd tad/or alate 

(tep of die ait. 

Y DocuDKtf inlkatisglickofiiivcida^ P Docinnfrm pttblished on or after the declaied^ 1^ 

combiaed with o» or mm otto documents o^ bm before the fUtog date of ^ uxveotion. 

tamecazegory. . 
& Member of the same patttt&mily B Patem docioKm published on or after, but with pnonty d^ 

eailier than, the filing date at this application. 

Field of Search: 

Search of GB. BP, wo & us patemdoanneitts classified in the fo^ : 

EIF 07 * 

Worldwide seaicfa of patent documents clasafied in the foUowing areas of the IPC" 

E21B ' ■ 

TliefottowiagoiJine Mid ofl>erdalib«ses have be^ 

ONUNE: EPODOC. PAJ. WPI I 



An Executive Agency of the Department of Itade and Industry 



This Page is Inserted bv IFW t«^. • 

BEST AVAILABLE IMAGES 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAV SCALE DOCUMENTS 

□lines OR MARKS ON ORIG^AL DOCUMENT 

^K^PERENCECS, OR EXHIBITCS, SUBMITTED ARE POOR OU.LITV 
□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY 
the IFW Image Pr^rM:^^^^^^^^^^^^ ''^'^ "-"'-^ 



